A questionnaire was mailed to 708 practicing radiologists and 348 members of the Society for Computer applications in Radiology (SCAR} in order to evaluate current practices and attitudes regarding the perceived advantages or disadvantages of film-and CRTbased image interpretation. A total of 27% of the 1,056 questionnaires (137 practicing radiologists; 145 SCAR members were returned. Ninety percent of practicing radiologists used film at least 75% of the time. Advantages of film-based reading listed by more than 75% of the respondents included: film reading is faster, and facilitates viewing multiple images. Advantages of CRT-based reading included: access to the entire dynamic range and potential image processing. 
T
ECHNOLOGICAL advances continue to drive the trend toward increased use of cathode-ray tubes (CRT) and electronic image interpretation. The National Science Foundation, the American College of Radiology, and major equipment manufacturers have sponsored workshops on the future of electronic image interpretation. TM Despite the general acceptance of the importance of the CRT-based interpretation systems, there is little objective information about radiologists' current prac-tices and attitudes and about how they compare with those of physicians/scientists who have a special interest in such systems technology. [5] [6] [7] [8] This study surveyed the anticipated users of CRT-based systems (practicing radiologists) about their current practices, and about their attitudes concerning the real or perceived advantages and disadvantages of CRT-based and film-based interpretation systems and compared practicing radiologists' perceptions to the members of the Society for Computer Applications in Radiology (SCAR) who had, by virtue of their affiliation with the organization, demonstrated such a special interest. The goal was to gain information that could help in designing and developing interpretation systems likely to be accepted and valued by radiologists.
MATERIALS AND METHODS
A questionnaire to evaluate attitudes and current interpretation practices was mailed to two groups. One group was a sample of 708 practicing radiologists, (designated the "PR group"). This group was chosen by selecting every 10th name from ah alphabetized list of just over 7,000 radiologists who had attended any one of over 50 radiology postgraduate courses given over the past 5 years by our university's continuing medical education department. This cohort represented all 50 states; the New England and Mid-Atlantic regions were represented with the highest frequency, with diminishing representation at increasing distances from Boston. The second group was 348 individuals who maintained membership in the Society for Computer Applictions in Radiology which indicated interest in computer based interpretation systems (designated the "SCAR group").
The questionnaire was divided into five main sections: (1) six questions that obtained demographic information about the respondents; (2) eight questions that evaluated the importance attributed to presumed advantages of filmbased image interpretation; (3) six questions that evaluated the importance attributed to presumed advantages of CRTbased image interpretation; (4) 16 questions that evaluated the importance given to attributes of current and future display systems; and (5) 11 questions that evaluated how several factors affect radiologists' efficiency during interpretation sessions. Comments and advice were also solicited. Similar questionnaires were sent to both groups; they differed only in the demographic questions. Each question asked respondents to choose a single response among four graded categories. The Kolmogorov-Smirnov test 9 was used to determine if there were any significant differences in choice frequency between the two groups. 
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RESULTS
A total of 282 responses (26.7% of the 1,056 total) were received and tabulated including 137 (19.3%) from practicing radiologists and 145 (41.6%) from the SCAR group. Tables 1  and 2 show demographic data from the two groups. As seen on Table 3 , almost all (90%) of the practicing radiologists indicated that they used film-based interpretation at least 75% of the time. Table 4 indicates that only about 9% of the SCAR group devoted greater than or equal to 50% of their time to computer-based imaging systems. Because there was a substantial level of agreement among the PR and SCAR groups with respect to their attitudes about film-based, CRT-based and future display systems, their responses to these items were combined for ease of presentation. The responses to the Tables 5 and 6 . The results of the groups of questions designed to evaluate various attributes of current and future display systems are in Tables 7 and 8 , respectively. There were significant differences in the responses between the practicing radiologists and the SCAR group regarding the presumed advantages of CRT over film, specifically: "access to other computerized information" (P < .001) and "no problems with missing films" (P < .001). The PR and SCAR groups also responded significantly differently in rating the value of various attributes of current display systems, specifically: "access to clinical data" (P < .001) and "access to administrative information" (P < .05). There were no other significant differences in the responses of the two groups.
The perceived reasons for inefficiencies in the CRT-based reading environment were tabulated. A total of 77% of all respondents felt that CRT display devices themselves impaired (55%) or substantially impaired (22%) efficiency. Other less frequently cited interruptions included: consultations with technologists, phone calls, and scheduling decisions; however, consultations with referring physicians and patient care decisions were thought to have little impact. A large fraction of respondents indicated that ambient light levels need to be carefully controlled, both in film interpretation (76%) and in CRT-based interpretation (64%).
DISCUSSlON
The demographic results of the survey demonstrate that the respondents-practitioners were a sample of general radiologists whose practice settings and experience were felt to be similar to those of all practicing radiologists. The favorable response rate suggests that there is interest in the computer-based interpretation and picture archiving and communications systems (PACS). Few of the SCAR group devoted much of their time to PACS. This may indicate that this targeted population was inappropriate, or that few people in this radiology community actually spend much time on PACS development. Although the SCAR sample was intended to reach a more sophisticated and specialized group of scientists, this group was primarily composed of radiologists. A potential for error exists because no attempt to obtain a response from the nonresponders was performed. This would be required to ensure that the population who responded was representative of the entire sample (eg, that the group who responded was not biased for or against computer-based systems). There were few significant differences in the responses of the two groups. The differential importance that the two groups attributed to "availability of other computerized information," "elimination of missing films," and "access to clinical and administrative information" could be the result of the SCAR group's greater familiarity with, anda broader perspective about, CRT-based systems. This may indicate that such information is less valuable in the day-today practice of radiology or, alternatively, that successful acceptance of CRT-based systems will require educating practicing radiologists about these capabilities. The responses to this survey may help guide improvements in workstation design that will lead to greater acceptance and wider deployment of these systems. The most important perceived advantages of CRT-based interpretation were access to the entire dynamic range of image information and access to image processing. Attributes of existing display systems that should be considered for incorporation into future designs included an adjustable gray scale, ability to view multiple images, view images from different modalities, magnification, access clinical data, and allow quick review of cases. Potential advances that many respondents felt valuable were higher resolution monitors, multiple CRT monitors, the overlap of different modalities (allowing multi-modality display), and workstations that process images. The most important perceived disadvantages of CRT-based reading may be redressed in the future. Presumably the unavailability of CRTs could be eliminated with the development of less expensive systems. The ease and speed issues may become less important with increased familiarity and experience with CRT-based systems. The ability to view multiple images simultaneously appears to be a very important feature of the film-based systems, which will be needed in computerbased interpretation systems in future development. The requirement of computer skills did not appear to be a major drawback.
Film is a remarkably durable and reliable interpretation and display system and storage medium. It is available to even the most remote locations and is cost-effective for institutions that have very limited volumes. The information available on a single film is tremendous. The film-based interpretation system is so weU established that it is likely that any new system must be very easy to interact with or be similar to film or it may never become widely used. Efforts to develop useful and efficient CRT-based interpretation systems should combine the most valued attributes of film-based reading with the valued attributes of CRT-based systems.
